ABSTRACT: p-tert-Butylcalix[n]arenes (PTB-C4) were synthesized and characterized. The thermal properties of PTB-C4 were investigated with thermogravimetric analysis (TGA) and differential thermal gravity (DTG). TGA and DTG curves of PTB-C4 indicate that the decomposition process of PTB-C4 includes 2 stages: the de-tert-butylation decomposition stage (1st decomposition stage) and the ring-opening decomposition stage (2nd decomposition stage). According to Flynn-Wall-Ozawa method, the average apparent activation energies (Ea) of 1st and 2nd decomposition stages are 257.09 kJ/mol and 117.62 kJ/mol, respectively. The result shows that the de-tert-butylation decomposition stage is more difficult compared with the ring-opening decomposition in the process of PTB-C4 decomposition.
INTRODUCTION
PTB-C4 is a cyclic oligomer obtained by condensation of formaldehyde with p-alkylphenols in basic environments. Synthetic versatility and the presence of a complexing cavity make calixarene macrocycles as interesting platforms for multiple applications ranging from fluorescence, catalysis, electrochemical sensing, extraction and antioxidant. Liu reported the selfassembled fluorescent organic nanoparticles aggregated with p-sulfonato-calix [4] arenes derivative which showed interesting photoswitching behaviors. Debdeep Maity pointed out calixarene functionalized gold nanoparticles was successfully tested for detection of Hg 2+ in drinking water. Zhu studied the anti-oxidation effects of p-t-butylcalix arene on PP. The results showed that PP containing PTB-C4 exhibited better antioxidation performance. However, to the best of our knowledge, the thermal degradation of PTB-C4 has not been reported. In the present paper, PTB-C4 were synthesized and characterized, and the thermal properties of PTB-C4 were investigated with TGA and DTG. The apparent activation energy, the thermal degradation mechanism were investigated in detail.
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EXPERIMENTAL
Materials
Formaldehyde, p-tert-butylphenol, diphenyl ether, sodium hydroxide, toluene, chloroform and other chemicals were supplied from Aladdin Chemical Reagent Factory. And those chemical reagents were analytical purity and directly used unless otherwise mentioned.
Synthesis of PTB-C4
The synthesis of PTB-C4 in this study was described in ref. [1] . 10 g of p-tert-butylphenol was mixed with NaOH (0.05 g, 1.2 mmol) dissolved 0.5 ml of water and 6.2 ml 37% formaldehyde solution. The mixture was heated for 2h. To this was added 70 ml of diphenyl ether and 10 ml toluene. Then the mixture was heated for 3h to obtain PTB-C4. FTIR ( 
Characterization
FTIR of the samples were recorded by a Nicolet 6700 spectrophotometer (Thermofisher, USA).
1H NMR of samples were recorded on a Bruker AV400-MHz NMR spectrometer (Bruker, Germany). TGA was carried on a Netzsch-STA449F3 thermogravimetric analyzer (Netzsch, German). Each sample was heated from 30 o C to 800 o C at various values of β (5, 10, 15 and 20 o C/min) to record the TGA and DTG curves.
RESULTS AND DISCUSSION
Thermal decomposition property is one of the most important properties for oligomeric and polymeric materials. Thus, the research of thermal stability and thermal degradation kinetics is significant to oligomeric materials both in production and application. The thermal degradation process of PTB-C4 was investigated by TGA and DTG measurements. TGA and DTG curves of PTB-C4 at the different thermal scanning rate are presented in Fig. 2 (a) and 2(b), respectively.
From Fig. 2(a) , the decomposition behaviors at different heating rates are analogous to each other. And it is worth noting that TGA curve shifts towards the high-temperature zone as the heating rates increase from 5 °C /min to 20 °C /min. This phenomenon results from the temperature retardancy. From Fig. 2(b) , each DTG curve has two peaks. Presumably, this is due to the changes in mechanism during the thermal decomposition. It is inferred that the thermal decomposition reaction of PTB-C4 include de-tert-butylation decomposition stage and the ring-opening decomposition. Firstly, the heat leads to de-tert-butylation reaction of PTB-C4 and tertbutyl released (1st decomposition stage). Secondary, with the increasing of temperature, lower molecular weight of oligomeric materials starts to degrade to methylene, phenyl, et al, which is the ring-opening decomposition (2nd decomposition stage). Thermal decomposition kinetic parameters are important to thermal decomposition of materials [10] [11] [12] [13] [14] . The Flynn-Wall-Ozawa method is one of the most well-know methods to obtain decomposition kinetic parameters [12, [15] [16] . 
Where β: heating rate in thermogravimetric analysis (K/min), Ea: apparent activation energies (kJ/mol), R: gas constant (8.3145 J/(mol K)), T: absolute temperature (K), A: pre-exponential factor (min-1), α: conversion degree or fractional weight loss.
For calculating the apparent activation energy, the given conversion degree α is required. With a given α, the slope of fitted straight line will be gotten by plotting of lgβ against 1/T. Obviously, the apparent activation energy Ea at the given conversion degree α can be calculated from the slope which is equal to 0.457Ea/R. This Flynn-Wall-Ozawa method is proved to be applicable to the investigated system only if the straight lines at different conversion degrees parallel each other. Fig. 3(a) and Fig. 3(b) show the fitting results according to Flynn-Wall-Ozawa method at the two different decomposition stages (1st decomposition stage: α ranging from 12% to 24%, and 2nd decomposition stage: α ranging from 40% to 52%), respectively. From Fig. 3(a) and Fig. 3(b) , the fitted straight lines are almost parallel to each other, indicating the applicability of Flynn-Wall-Ozawa method to this PTB-C4 decomposition system. From the slopes of the fitted straight lines at different conversion degrees, the corresponding apparent activation energies are summarized in Fig. 3(c) . From Fig. 3(c) , an interesting phenomenon can be found. At the beginning of decomposition process (conversion degree from 0% to 24%), there is an obvious platform which means the decomposition activation energies are essentially constant (about 257.09kJ/mol), and then a big decrease is shown in this figure. Finally, after the conversion degree higher than 40%, another platform is appeared in which the decomposition activation ener- 
SUMMARY
TGA curves of PTB-C4 indicate that the decomposition of PTB-C4 is divided into two stages.
According to Flynn-Wall-Ozawa method, the first and second stages of thermal decomposition Ea are 257.09 kJ/mol and 117.62 kJ/mol, respectively. And the thermal decomposition of PTB-C4 includes the de-tert-butylation decomposition and the ring-opening decomposition.
